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(57) ABSTRACT

An image forming apparatus comprises a printer configured
to print the display image on a first surface of paper in a case
of simplex printing; a curl suppression image determination
section configured to determine, in simplex printing case, a
printing position and a printing pattern of a curl suppression
image for suppressing the curl of the paper caused by the
display image based on an analysis result of a display image
analysis section which analyzes the printing range and the
density of the display image for each page; and a curl-pre-
ventive image addition setting section configured to set image
information of the printing position and the printing pattern of
the curl suppression image which is determined by the curl
suppression image determination section and is supposed to
be printed on a second surface of the paper with color erasable
material by the printer section.

CPC ............ G03G 15/235; GO3G 15/6576; GO3G 7 Claims, 8 Drawing Sheets
g1 ’_ e o e 52 _dlﬁ W 52
. Asdfghikl:asj & f
¢ Qwertazsew, E
S~ || 14587896 | « S
» Bvcxzasqwerty ¢
' Lmnjhuytrbve o g
51 5454789:15
! Oiuytfdsawszxds :
. Ewimnbhjd
fchgyt :
B VA AN AR A A e A 52 v«“;‘:ig Eﬁ . 52
FIRST SURFACE SECOND SURFACE



Sheet 1 of 8 US 9,348,293 B2

U.S. Patent May 24, 2016

FIG.1

CONTROLLER

HDD




US 9,348,293 B2

Sheet 2 of 8

May 24, 2016

U.S. Patent

¢9ld

Wyd A~ PS5C

WOY  ~J-tSC

- B¢

sz
o NOILO3S IONYAIANOD —> AHOWIN
I~ TYSHIATY ¥3Advd
NOILD3S
NOILYNIWY3L3a 3ovini L] | aisz
o~ NOILO3S FONVAIANOD ¥Idvd je—> NOISSTHddNS 14ND
NOILD3IS
NOILD3S 4l | else ONILLIS IAOW |
NOILYNIWY3L3a 3A0N B o | 3ov4uns oNiLNINd
JOVAHNS ONILNIMA >
NOILO3S ONILLIS NOILIAAY |
IOV FAILNIATHI-THND 40SS3I004d ~ }5¢ NOLLOIS NOLLYNIdO
& > H3TIOHLNOD ~— 5 Iad
A % A
9 A 4
y
NOILDTS SISATYNY
< aaH IOVINI AV1dSIA i}
HILNIED |
~ A h —7 —
r— iz ve YINNYOS
d
> —
Y 14
NOILD3S . NOILD3S NOILd303y [°
ONISSID0Hd FOoVAI | JOVINI AVIdSIA < v
- ~ — B — od
€ ze
o —
Ie 13



U.S. Patent

NO

May 24, 2016

START

SIMPLEX PRINTING?

UPPER HALF

PART OF PAPER?

Act.1

YES

Sheet 3 of 8

FIG.3

Hi

Act 4
f-._l

UPPER SIDE OF PAPER
AND BELT-LIKE
PRINTING PATTERN

US 9,348,293 B2
Act.3
Lo
Act.5
~

Act.6 Y

NO

PART OF PAPER?

TWO UPPER CORNERS
OF PAPER AND PARTIAL
PRINTING PATTERN

LOWER HALF YES

Hi

Act.8
,-..J

LOWER SIDE OF PAPER
AND BELT-LIKE
PRINTING PATTERN

Act7
Lo

Act.9
—~

Act.10 ¥

NO

\YES
WHOLE W

TWO LOWER CORNERS
OF PAPER AND PARTIAL
PRINTING PATTERN

v

Hi
Act.12
~

TWO SIDES OF LATERAL
DIRECTION OF PAPER
AND BELT-LIKE
PRINTING PATTERN

Act.11

Lo
Act.13
~

¥

FOUR CORNERS OF
PAPER AND PARTIAL
PRINTING PATTERN

v

il 3

END




U.S. Patent May 24, 2016 Sheet 4 of 8 US 9,348,293 B2

FIG.4

SN

51-- §  Asdfghikiasj | |

FIRST SURFACE SECOND SURFACE

Asdfghjkl;asj
Qwasewqazsx
51--- !  Pmjnhbvgfc

R S

L TPE P

R

81 Bt S

FIRST SURFACE SECOND SURFACE



U.S. Patent May 24, 2016 Sheet 5 of 8 US 9,348,293 B2

FIG.6

S TS 82

g1

st} Asdighidasi | | s 52
e e e e e e e v I b3 S

FIRST SURFACE SECOND SURFACE

Asdfghjkl;asj

1+ Qwasewqgazsx
51---}1  Pmjnhbvgfc
b s e e sk nssanaanRassaansiaanaannd .. 52

w
3
/
g

B T I TS

FIRST SURFACE SECOND SURFACE



U.S. Patent May 24, 2016 Sheet 6 of 8 US 9,348,293 B2

FIG.8

S e s e s 52 _ulﬁ :&é e B
Asdfghjkl;asj !

Qwertazsew,
14587896
Bvcxzasgwerty
Lmnjhuytrbve

1+ 4y 5454789:15

g9

‘ Oiuytfdsawszxds

. Ewimnbhjd

: fchgyt : |

Bt A AR AR A L AR A A 52 w“:}:ﬁ ;:}; . 52

FIRST SURFACE SECOND SURFACE

FIG.9

52 ifie

b 52

FIRST SURFACE SECOND SURFACE



U.S. Patent May 24, 2016 Sheet 7 of 8 US 9,348,293 B2

FIG.10

2 |i .

B a5

. o

Y 82
FIRST SURFACE SECOND SURFACE
FIG.11
31
g 82

S "‘\4’

FIRST SURFACE SECOND SURFACE

FIG.12

52 - (R

g2 e
52 - - hesssssseseaes

SECOND SURFACE



U.S. Patent May 24, 2016

FIG.13

5o - ‘:ﬁy ‘%wm 52

o2 A8 s

SECOND SURFACE

FIG.15

o 54

S2°

SECOND SURFACE

Sheet 8 of 8

55

Ly -

FIG.14

;o

39
e S

R S TRl
A e S A T

SECOND SURFACE

FIG.16

50

148,57 ¢

ASDFGH -
13579

E
I

SECOND SURFACE 55

US 9,348,293 B2



US 9,348,293 B2

1
IMAGE FORMING APPARATUS THAT
CORRECTS SHEET CURL BY PRINTING ON
THE EDGES OF THE REVERSE SIDE OF THE
SHEET

FIELD

Embodiments described herein relate to a technology for
preventing a reuse sheet, which has been repeatedly subjected
to image printing processing with color erasable material and
image erasing processing, from being curled.

BACKGROUND

Generally, in an electrophotographic type image forming
apparatus, in a case of printing a toner image on a sheet for
printing such as paper and the like, it is known that distortion
occurs in the sheet for printing and curl is generated in the
sheet for printing due to the effect of the heat applied when
fixing the toner image by heating.

On the other hand, a technology has been proposed in
which an image is printed with the color erasable material
again on the reuse sheet obtained by erasing the image formed
on the sheet for printing with color erasable material.

In an electrophotographic type image forming apparatus,
in a case of forming an image on the reuse sheet with color
erasable material, curl occurs in the reuse sheet easily. Thus,
it is preferred to prevent the occurrence of curl during the
image forming process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating an image form-
ing apparatus according to one embodiment;

FIG. 2 is a block diagram illustrating the hardware of the
image forming apparatus shown in FIG. 1 for carrying out a
curl suppression operation;

FIG. 3 is a flowchart illustrating the curl suppression opera-
tion based on the hardware shown in FIG. 2;

FIG. 4 is a diagram illustrating a printing range and a
printing pattern of a curl suppression image in a case where a
display image with low density is printed at the upper half part
of a paper;

FIG. 5 is a diagram illustrating the printing range and the
printing pattern of the curl suppression image in a case where
a display image with high density is printed at the upper half
part of the paper;

FIG. 6 is a diagram illustrating the printing range and the
printing pattern of the curl suppression image in a case where
a display image with low density is printed at the lower half
part of the paper;

FIG. 7 is a diagram illustrating the printing range and the
printing pattern of the curl suppression image in a case where
a display image with high density is printed at the lower half
part of the paper;

FIG. 8 is a diagram illustrating the printing range and the
printing pattern of the curl suppression image in a case where
a display image with low density is printed on the whole
paper;

FIG. 9 is a diagram illustrating the printing range and the
printing pattern of the curl suppression image in a case where
a display image with high density is printed on the whole
paper;

FIG. 10 is a diagram illustrating another printing range and
printing pattern of the curl suppression image in a case where
a display image with high density is printed at the upper half
part of the paper;
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FIG. 11 is a diagram illustrating another printing range and
the printing pattern of the curl suppression image in a case
where a display image with high density is printed at the
lower half part of the paper;

FIG. 12 is a diagram illustrating another printing range and
printing pattern of the curl suppression image in a case where
the direction of the printing of the paper is horizontal;

FIG. 13 is a diagram illustrating an embodiment in which
the printing pattern of the curl suppression image is a triangle;

FIG. 14 is a diagram illustrating the printing range and the
printing pattern of the curl suppression image in a case where
adisplay image with high density and concentration is printed
on the whole paper.

FIG. 15 is a diagram illustrating a printing range and a
printing pattern in a case where the curl suppression image is
a coupon; and

FIG. 16 is a diagram illustrating a printing range and a
printing pattern in a case where the curl suppression image is
an advertisement.

DETAILED DESCRIPTION

An image forming apparatus according to the present
embodiment generally relates to an image forming apparatus
for printing a display image serving as a printing target for
display on paper with color erasable material.

The image forming apparatus comprises a printing surface
mode determination section configured to determine whether
ornot the display image is to be subjected to simplex printing;
a printer configured to print the display image on a first
surface of paper in a case of simplex printing; a curl suppres-
sion image determination section configured to determine, if
it is determined to be simplex printing by the printing surface
mode determination section, a printing position and a printing
pattern of a curl suppression image for suppressing the curl of
the paper caused by the display image based on an analysis
result of a display image analysis section which analyzes the
printing range and the density of the display image for each
page; and a curl-preventive image addition setting section
configured to set image information of the printing position
and the printing pattern of the curl suppression image which
is determined by the curl suppression image determination
section and is supposed to be printed on a second surface of
the paper with color erasable material by the printer section.

An image forming method according to the present
embodiment generally relates to an image forming method
for printing a display image serving as a printing target for
display on paper with color erasable material.

The image forming method includes: determining whether
ornot the display image is to be subjected to simplex printing;
analyzing a printing range and density of the display image
for each page if it is determined to be simplex printing;
determining a printing position and a printing pattern of a curl
suppression image for suppressing the curl of paper caused by
the display image based on the analysis result; printing the
display image on a first surface of the paper in a case of
simplex printing; printing the curl suppression image on a
second surface of the paper with color erasable material
according to the determined printing position and printing
pattern.

FIG. 1 is a schematic diagram illustrating the image form-
ing apparatus according to the embodiment. An image form-
ing apparatus 1 according to the present embodiment, which
is a compound machine with a compact constitution, com-
prises a FAX section (not shown) in addition to a scanner
section 4, an automatic document feeder (ADF) 5 and a
printer section P. Further, the image forming apparatus 1
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comprises a control panel 3, a paper feed cassette section 8, a
paper conveyance section 9, a register roller 11, a fixing
section 15, a paper discharge sensor 17, a paper discharge
roller 19, a paper discharge section (paper discharge tray) 21,
a paper reversal conveyance section 23, a controller 25, a
storage section 27 and the like

The printer section P irradiates, for example, a photocon-
ductive drum 6 serving as an image carrier with the document
information stored in, for example, the storage section 27
through a laser exposure unit (not shown) to form an electro-
static latent image on the photoconductive drum 6. Then the
electrostatic latent image is developed with the toner in a
developer 7 and the toner-developed image is transferred to
paper S by a transfer member 13. One end of the paper S is
conveyed from the paper feed cassette 8 to the register roller
11 through the paper conveyance section 9, then the paper S
is conveyed to a transfer position serving as a nip section
between the transfer member 13 and the photoconductive
drum 6 at given timing, and then the unfixed toner image on
the photoconductive drum 6 is transferred by the transfer
member 13. Then, the paper S on which the unfixed toner
image is carried is conveyed to the fixing section 15 to be
heated and pressed to fix the unfixed toner image on the paper
S, and then the paper S is discharged to the paper discharge
tray 21 by the paper discharge roller 19.

Further, in a case of duplex image printing, if the paper
discharge sensor 17 arranged nearby the paper discharge
roller 19 detects the paper S, the paper S is conveyed to the
paper reversal conveyance section 23 and then conveyed to a
mergence position 12 at the front side of the register roller 11
through the register roller 11 again. The paper S conveyed to
the register roller 11 again is conveyed to the transfer position
at the given timing, and the unfixed toner image is transferred
to the back side of the paper S and then heated, pressed and
fixed on the paper S by the fixing section 15. Then the paper
S subjected to the fixing processing is discharged to the paper
discharge tray 21 by the paper discharge roller 19.

In the present embodiment, color erasable toner serving as
developing material of color erasable material is stored in the
developer 7. Further, the paper S stored in the paper feed
cassette 8 is reuse paper. The reuse paper is paper subjected to
printing processing of printing the toner image on the paper
with the color erasable toner and the toner image erasing
processing, and the erasable toner image is heated and
pressed to carry out the erasing processing.

Thus, the reuse paper S is heated and pressed during the
image fixing processing of the image heated and pressed at a
fixing temperature of the color erasable toner and the image
erasing processing based on a color erasing temperature
higher than the fixing temperature. Particularly, thermal dis-
tortion occurs in the paper in the area where the toner image
is formed because the toner image is fused and becomes
liquid composition when being heated. The thermal distortion
occurring in the paper makes the surface, on which the heated
toner image is printed, a contraction side. Thus, the paper S
curls with the heated side as the inner side, and generally, four
corners of the paper S are likely to curl.

In the present embodiment, a curl suppression image is
formed on a surface opposite to the printing surface of the
display image with the same color erasable toner as the dis-
play image to suppress the curl caused due to the effect of the
image (hereinafter referred to as display image) serving as a
printing target for display such as the image read by the
scanner section 4 or the image output from a personal com-
puter or a USB memory and the like.

FIG. 2 is ablock diagram illustrating hardware constitution
of the image forming apparatus 1.
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The controller 25 controlling the whole image forming
apparatus 1 is connected with an operation section 3, the
scanner section 4, the printer section P and an interface (I/F)
31. The display image information of a personal computer
(PC) 36 or the display image information of the scanner
section 4 is received by a display image reception section 32.
The display image information received by the display image
reception section 32 is acquired by an image processing sec-
tion 33, a display image analysis section 34 and the storage
section 27. The display image analysis section 34 analyzes
printing range, concentration and density of the display image
for each page. The image processing section 33 carries out an
image processing on the display image and outputs the result-
ing data to the printer P.

The operation section 3 includes a printing surface mode
setting section 3a for setting simplex printing or duplex print-
ing. The printing surface mode of simplex printing or duplex
printing set by the printing surface mode setting section of the
operation section 3 is sent to the controller 25. Further, the
printing surface mode of simplex printing or duplex printing
set by the PC 36 is also sent to the controller 25 through the I/'F
31.

The controller 25 includes a curl suppression image deter-
mination section which determines a printing position and a
printing pattern of the curl suppression image for preventing
the curl for each page based on the analysis result of the
display image analysis section 34. A curl-preventive image
addition setting section 35 outputs the curl suppression image
information such as the printing position, printing pattern and
the like of the curl suppression image determined by the
controller 25 to the printer P.

The controller 25 further includes a printing surface mode
determination section 251a which determines whether the
printing surface mode set by the operation section 3 or the PC
36 is simplex printing or duplex printing. In the printing
surface mode determination section 251a, the printing of the
curl suppression image is carried out on the back side if the
determined printing surface mode is simplex printing, while
no curl suppression measure is taken in a case of duplex
printing.

The controller 25 consists of a memory 252 and a processor
251 which includes a CPU (Central Processing Unit) or a
MPU (Micro Processing Unit).

The processor 251 includes the printing surface mode
determination section (first processor) 2514 and the curl sup-
pression image determination section (second processor)
251b. The method of determining the curl suppression image
by the curl suppression image determination section 25156 is
described later (refer to FIG. 4-FIG. 16).

The memory 252, which is, for example, a semiconductor
memory, includes a ROM (Read Only Memory) 253 which
stores a program for analyzing the printing range, concentra-
tion, density and the like of the display image and a program
for determining the printing range of the curl suppression
image; and a RAM (Random Access Memory) 254 for pro-
viding a temporary work area to the processor 251.

In a case of taking curl suppression measures, the control-
ler 25 first drives the paper conveyance section 9 to convey the
paper S from the paper feed cassette 8 via the transfer position
to the fixing section 15 to fix the color erasable toner image.
Next, the controller 25 drives the paper reversal conveyance
section 23 to convey the paper S. Then, the curl-preventive
image is transferred, at the transfer position, to the back side
of'the paper S on the single side of which the display image is
fixed, and then the curl-preventive image is heated, pressed
and fixed on the paper S by the fixing section 15.
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That is, if the display image is fixed on the paper S, the
paper S curls due to the thermal distortion as stated above.
However, if the curl-preventive image is fixed, the thermal
distortion occurs to curl the paper in an opposite direction,
therefore, the curl is offset, and as a result, the occurrence of
curl is suppressed.

On the other hand, in a case of carrying out color erasing
processing to reuse the paper S on which the curl-preventive
image is printed, if the single side and the back side are heated
and pressed simultaneously as in the fixing processing, the
curls occurring in the both sides of the paper S are offset,
therefore, the occurrence of curl is suppressed.

The relation between the display image and the curl sup-
pression image is exemplified in FIG. 4-FIG. 12. In addition,
the surface of the paper S on which a display image 51 is
printed is referred to as a first surface S1, and the surface on
which a curl suppression image 52 is printed is referred to as
a second surface S2. In FIG. 4-FIG. 11, the direction of the
printing of the paper S is vertical, while in FIG. 12, the
direction of the printing of the paper S is horizontal.

FIG. 4 shows a case in which the printing range of the
display image 51 on the first surface S1 of the paper S is the
upper half part of the figure and the image density is low. In
this case, on the second surface S2 of the paper S, the curl
suppression image 52 is printed at both corners of the upper
part of the paper S in the figure.

FIG. 5 shows a case in which the printing range of the
display image 51 on the first surface S1 of the paper S is the
upper half part of the paper S in the figure and the image
density is high. In this case, on the second surface S2 of the
paper S, the curl suppression image 52 is printed in a belt
shape along a lateral direction at the upper end part of the
paper S in the figure.

FIG. 6 shows a case in which the printing range of the
display image 51 on the first surface S1 of the paper S is the
lower half part of the paper S in the figure and the image
density is low. In this case, on the second surface S2 of the
paper S, the curl suppression image 52 is printed at both
corners of the lower part of the paper S in the figure.

FIG. 7 shows a case in which the printing range of the
display image 51 on the first surface S1 of the paper S is the
lower half part of the paper S in the figure and the image
density is high. In this case, on the second surface S2 of the
paper S, the curl suppression image 52 is printed in a belt
shape along a lateral direction at the lower end part of the
paper S in the figure.

FIG. 8 shows a case in which the printing range of the
display image 51 on the first surface S1 of the paper S is the
whole paper S and the image density is low. Inthis case, on the
second surface S2 of the paper S, the curl suppression image
52 is printed at each of the four corners of the paper S.

FIG. 9 shows a case in which the printing range of the
display image 51 on the first surface S1 of the paper S is the
whole paper S and the image density is high. In this case, on
the second surface S2 of the paper S, the curl suppression
image 52 is printed in a belt shape along a longitudinal direc-
tion at both sides of the lateral direction of the paper S.

FIG. 10 shows a case in which the printing range of the
display image 51 on the first surface S1 of the paper S is the
upper half part of the paper S in the figure and the image
density is high. In this case, on the second surface S2 of the
paper S, the curl suppression image 52 is printed in a belt
shape at both sides of the lateral direction of the paper S fora
length equal to the length of the display area of the display
image 51 in the longitudinal direction.

FIG. 11 shows a case in which the printing range of the
display image 51 on the first surface S1 of the paper S is the
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lower half part of the paper S in the figure and the image
density is high. In this case, on the second surface S2 of the
paper S, the curl suppression image 52 is printed in a belt
shape at both sides of the lateral direction of the paper S for a
length equal to the length of the display area of the display
image 51 in the longitudinal direction.

FIG. 12 shows a print example of the curl suppression
image 52 in a case where the printing direction of the paper S
is horizontal. In a case of horizontal printing, the long sides
are likely to curl. Thus, on the second surface S2 of the paper
S, the curl suppression image 52 is printed in a belt shape
along the long side at one or two sides of the lateral direction
of the paper S.

In FIG. 4-FIG. 12 described above, if the concentration of
the display image 51 is high, the concentration of the curl
suppression image 52 is also set to be high; on the contrary, if
the concentration of the display image 51 is low, the concen-
tration of the curl suppression image 52 is set to be low as
well.

In a case of printing the display image 51 on the first
surface S1 of the paper S only, the controller 25 selects a
method for printing the curl suppression image 52 on the
second surface S2 according to the printing range, the con-
centration and the density of the display image 51.

Next, the curl suppression processing carried out by the
controller 25 is described with reference to the flowchart
shown in FIG. 3.

If the printing of the display image is instructed by the
personal computer (PC) 36 or the scanner 4, the printing
surface mode is confirmed and it is determined whether or not
the printing of the display image instructed to be printed is
simplex printing in ACT 1; if it is determined to be simplex
printing (YES in ACT 1), ACT 2 is taken; and if it is not
simplex printing (NO in ACT 1), for example, if it is duplex
printing, the curl suppression processing is ended. That is, in
a case in which the printing surface mode is set to be duplex
printing, the paper S is less likely to curl, thus, the printing is
carried out without executing the curl suppression process-
ing. In a case in which the printing surface mode is set to be
simplex printing, the content of the display image 51 acquired
by the display image reception section 32 is analyzed by the
display image analysis section 34.

In ACT 2, itis determined whether or not the printing range
of'the display image 51 on the first surface S1 of the paper S
is the upper half part of the paper S in the longitudinal direc-
tion, and ACT 3 is taken if it is the upper half part of the paper
S(YESinACT 2),and ACT 6 is taken if it is not the upper half
part of the paper S (NO in ACT 2).

In ACT 3, it is determined whether or not the image density
of the display image 51 is high, and ACT 4 is taken if the
image density is high (“Hi” in ACT 3) and ACT 5 is taken if
the image density is low (“Lo” in ACT 3).

In ACT 4, the printing position and the printing pattern of
the curl suppression image 52 is determined, and then the curl
suppression processing is ended. In this case, as shown in
FIG. 5, the printing position is at the upper part of the second
surface of the paper S and the printing pattern of the curl
suppression image 52 is a belt shape along the short side. The
printing density is determined according to the percentage of
the printed part/non-printed part by viewing the pixels in the
printing range of the display image 51. In addition, the print-
ing position and the printing pattern of the curl suppression
image 52 may be set as shown in FIG. 10.

In ACT 5, the printing position and the printing pattern of
the curl suppression image 52 is determined, and then the curl
suppression processing is ended. In this case, as shown in
FIG. 4, the printing position is at the two corners of the upper
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part of the second surface of the paper S, and the printing
pattern of the curl suppression image 52 is a square.

In ACT 6, it is determined whether or not the printing range
of'the display image 51 is the lower half part of the paper S in
the longitudinal direction, and ACT 7 is taken if it is the lower
half part of the paper S (YES in ACT 6), and ACT 10 is taken
if it is not the lower half part of the paper S (NO in ACT 6).

In ACT 7, it is determined whether or not the image density
of the display image 51 is high, and ACT 8 is taken if the
image density is high (“Hi” in ACT 7) and ACT 9 is taken if
the image density is low (“Lo” in ACT 7).

In ACT 8, the printing position and the printing pattern of
the curl suppression image 52 is determined, and then the curl
suppression processing is ended. In this case, as shown in
FIG. 7, the printing position is at the lower part of the second
surface of the paper S and the printing pattern of the curl
suppression image 52 is a belt shape along the short side. In
addition, the printing position and the printing pattern of the
curl suppression image 52 may be set as shown in FIG. 11.

In ACT 9, the printing position and the printing pattern of
the curl suppression image 52 is determined, and then the curl
suppression processing is ended. In this case, as shown in
FIG. 6, the printing position is at the two corners of the lower
part of the second surface of the paper S, and the printing
pattern of the curl suppression image 52 is a square.

In ACT 10, it is determined whether or not the printing
range of the display image 51 is the whole paper S, and ACT
11 is taken if it is the whole paper S (YES in ACT 10), and the
curl suppression processing is ended if it is not the whole
paper S (NO in ACT 10).

In ACT 11, it is determined whether or not the image
density of the display image 51 is high, and ACT 12 is taken
if the image density is high (“Hi” in ACT 11) and ACT 13 is
taken if the image density is low (“Lo” in ACT 11).

In ACT 12, the printing position and the printing pattern of
the curl suppression image 52 is determined, and then the curl
suppression processing is ended. In this case, as shown in
FIG. 9, the printing position is at the two sides of the lateral
direction of'the second surface of the paper S and the printing
pattern of the curl suppression image 52 is a belt shape along
the long side.

In ACT 13, the printing position and the printing pattern of
the curl suppression image 52 is determined, and then the curl
suppression processing is ended. In this case, as shown in
FIG. 8, the printing position is at the four corners of the
second surface of the paper S, and the printing pattern of the
curl suppression image 52 is a square.

Though the concentration adjustment of the curl suppres-
sion image 52 is not described in the flowchart shown in FIG.
3, after the printing pattern of the curl suppression image 52
is determined, the printing concentration of the display image
51 is analyzed and the concentration of the printing pattern of
the curl suppression image 52 is adjusted according to the
printing concentration of the display image 51. As to the
method of adjusting the printing concentration of the curl
suppression image 52, the printing concentration of the curl
suppression image 52 may be set to be the same as that of the
display image 51, alternatively, the printing concentration of
the curl suppression image 52 may be set to be a little higher
than that of the display image 51.

Then, the printing pattern of the curl suppression image 52
determined through these processing is instructed to the
printer P by the curl-preventive image addition setting section
35, and then the curl suppression image 52 is printed on the
second surface S2 of the reversed paper S after the display
image 51 is printed on the first surface S1 of the paper S.
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Thus, in accordance with the present embodiment, the
occurrence of the curl of the paper corners and the curl of the
long sides can be suppressed without using a new device or
material to cope with the curl.

In the embodiment described above, the printing pattern
for printing the curl suppression image 52 at the corners of the
paper S is set to be a square; however, as shown in FIG. 13, the
printing pattern of the curl suppression image 52 may also be
atriangle. In this case, the consumption of the toner serving as
color erasable material of the curl suppression image 52 can
be reduced. The curl suppression image 52 printed at corners
of'the paper S may be of any form (a polygonal shape such as
a square or a triangle; a graph such as a circle; characters; or
numbers and the like) as long as it can be fitted into the corner
of the paper S.

Further, in a case where the printing range of the display
image 51 on the first surface S1 of the paper S is large and the
printing density and the concentration are high, a printing
pattern shown in FIG. 14 can be used to print the curl sup-
pression image 52 in a belt shape along the four sides of the
second surface S2.

For the sake of the user who is opposed to consume extra
toner for coping with the curl, as shown in FIG. 15, a curl
suppression image 54 used as a coupon may be printed,
alternatively, the curl suppression image 54 used as a coupon
and a curl suppression image 53 serving as a two-dimensional
barcode may be printed. The color erasable toner for forming
the curl suppression images 52, 53 and 54 is consumed
regardless of the original intention of the user. Thus, before
the color erasing processing, the curl suppression images 53
and 54 are scanned and stored in a storage section as the toner
consumption point of the curl suppression image. Through
the use of the toner consumption point, some profits can be
returned to the user.

Further, as shown in FIG. 16, an advertisement 55 may be
printed as the curl suppression image.

In addition, the images of the coupon 54 and the advertise-
ment 55 may be registered in different variations, and the
coupons and advertisements to be printed can be used prop-
erly according to the concentration and the printing range of
the curl suppression image.

Inthe present embodiments, any of the processes described
above can be accomplished by a computer-executable pro-
gram, and this program can be embodied in a non-transitory
computer-readable memory device. In the embodiments, the
memory device, such as a magnetic disk, a flexible disk, a
hard disk, an optical disk (CD-ROM, CD-R, DVD, and so on),
an optical magnetic disk (MD and so on) can be used to store
instructions for causing a processor or a computer to perform
the processes described above. Furthermore, based on an
instruction in the installed program, an OS (operating system)
of the computer, or MW (middleware software), such as
database management software or network, may execute one
or more parts of the processes described above to realize the
embodiments.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the invention.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the invention. The accompanying claims
and their equivalents are intended to cover such forms or
modifications as would fall within the scope and spirit of the
invention.
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What is claimed is:

1. An image forming apparatus for printing a display image
serving as a printing target for display on paper with color
material, comprising:

a printing surface mode determination section configured
to determine whether or not a printing surface of the
display image is simplex printing;

a printer configured to print the display image on a first
surface of paper in a case of simplex printing;

a display image analysis section which analyzes a printing
range and a density of the display image;

acurl suppression image determination section configured
to determine, if the display image is simplex printing, a
printing position and a printing pattern of a curl suppres-
sion image for suppressing a curl of the paper caused by
the display image based on an analysis result of the
display image analysis section; and

a curl-preventive image addition setting section configured
to set image information of the printing position and the
printing pattern of the curl suppression image which is
determined by the curl suppression image determination
section and is to be printed on a second surface of the
paper,

wherein the printer prints the curl suppression image with
color erasable material.

2. The image forming apparatus according to claim 1,
wherein

the display image analysis section further analyzes a con-
centration of the display image.

3. The image forming apparatus according to claim 1,
wherein

the curl suppression image determination section deter-
mines the printing position of the curl suppression image
including the corner parts of the paper.
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4. The image forming apparatus according to claim 1,
wherein

the curl suppression image determination section deter-

mines the printing pattern of the curl suppression image
to be a coupon or an advertisement.

5. The image forming apparatus according to claim 1,
wherein

the printer section, which is an electrophotographic type

printer, transters the display image formed with color
erasable toner to the paper through a transfer section,
heats and presses the display image formed with color
erasable toner through a fixing section to fix the display
image on the first surface of the paper, conveys the paper
on the first surface of which the display image is fixed to
the transfer section through a reversal conveyance sec-
tion, and then prints the curl suppression image on the
second surface of the paper.

6. An image forming method for printing a display image
serving as a printing target for display on paper with color
erasable material, including:

determining whether or not the display image is to be

subjected to simplex printing;

analyzing a printing range and density of the display image

ifthe display image is determined to be simplex printing;

determining a printing position and a printing pattern of a

curl suppression image for suppressing a curl of the
paper caused by the display image based on the printing
range and density of the display image;
printing the display image on a first surface of the paper in
a case of simplex printing; and

printing the curl suppression image on a second surface of
the paper with color erasable material according to the
determined printing position and printing pattern.

7. The image forming method according to claim 6, further
including:

analyzing a concentration of the display image and deter-

mining a concentration of the curl suppression image
according to the concentration of the display image.
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